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Abstract The raccoon is often considered a synanthropic species; however, most urban
research on this species has been restricted to urban parks or green spaces. Little is known about
the persistence of synanthropic characteristics in the raccoon within the urban matrix. We
examined density, den selection, home range size, habitat selection, and survival for adult
raccoons (Procyon lotor) during summer (June–August) and autumn (September–November)
in two residential neighborhoods, Linthicum located inland, and Riviera Beach on a peninsula
in the Potomac river, in Southern Maryland. Den site selection varied by gender (P=0.0002)
and study site (P=0.052), and study site interacted with gender (P=0.0063), with female
raccoons denning preferentially on the ground and male raccoons in human structures in
Riviera Beach while in Linthicum females denned preferentially in trees and males avoided
human structures. Seasonal home range size was larger for males (P<0.0001) than females at
both sites. Habitat selection varied at different hierarchical levels, and between gender, season
and site. Intersite differences in habitat selection were apparent at the second order and third
order scale. Aquatic and urban habitat was ranked high and woodland consistently lowest in
second order scale at Riviera Beach while urban habitat was consistently ranked lowest at
Linthicum where woodland ranked highest. Between the hierarchal scales (2nd and 3rd order)
a difference in habitat selection occurred at Linthicum only where urban habitats ranked
lowest at 3rd order. The differences in patterns of habitat selection we observed between two
urban sites at different hierarchical scales suggest that resource selection is dependent upon
the specific characteristics of the site and that raccoons exhibit variable responses to changes
in landscape features. Finally, male survival tended to be lower (P=0.079) than female
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survival in both study sites. Our results reveal that raccoons can continue to exhibit
synanthropic characteristics within the urban matrix even in areas with little natural habitat.
This ability to adjust to different levels of development allows the raccoon to occur
throughout most parts of the urban landscape, which has important management implications
for human-raccoon conflicts and disease management.
Keywords Denning . Density . Habitat selection . Home range . Procyon lotor . Raccoon .
Survival . Urbanization
Introduction
Urbanization greatly alters landscapes and ecological processes, such that many native
species decline or disappear from urban areas whereas some species appear to increase in
abundance (DeStefano and DeGraaf 2003; Blair 2004; Burton and Samuelson 2008; Gehrt
2010). Most attention from conservationists and urban planners has focused on species that
are threatened by urbanization; however, a better understanding of how presumably urban-
adapted, or synanthropic (Gliwicz et al. 1994; Johnstone 2001; McCleery et al. 2008;
Withey and Marzluff 2009), species use the urban landscape is warranted. Gliwicz et al.
(1994) predicted that synanthropic species should exhibit certain responses to urbanization,
such as inceased densities, smaller home ranges, and higher reproductive or survival rates,
when compared to the populations in natural or rural landscapes. For example, mammalian
mesocarnivores are known to respond positively to urbanization to varying degrees (Prange
and Gehrt 2004; Iossa et al. 2010), and these species commonly conflict with the public
through property damage or health risks (Gehrt 2004; DeStefano and Deblinger 2005;
Curtis and Hadidian 2010).
The raccoon (Procyon lotor) appears to be capable of exploiting urban landscapes,
having been reported occupying urban areas over 100 years ago (Hadidian et al. 2010), and
may be considered synanthropic (sensu Gliwicz et al. 1994). Raccoons have been observed
readily utilizing anthropogenic resources, such as refuse for food and human structures for
dens (Gehrt 2003; Hadidian et al. 2010), and population densities reported for urban areas
have consistently been high when compared to rural areas (Rosatte et al. 1991; Riley et al.
1998; Prange et al. 2003). Likewise, home ranges are relatively small in size for raccoons in
urban areas which, when combined with high population densities, produces an abundance
that tends to exceed other mesocarnivores (Prange et al. 2004; Prange and Gehrt 2004).
Landscape-scale studies have suggested that raccoons are relatively unaffected by urban
development compared to other mammalian carnivores (Crooks 2002; Randa and Yunger
2006), although Broadfoot et al. (2001) identified metapopulation structure in urban
Toronto, with subpopulations centered on patches of woodland habitat. Indeed, urban
raccoon populations appear to occur at their highest densities in woodland fragments
embedded within the urban matrix (Rosatte et al. 1991; Riley et al. 1998; Prange et al.
2003). It is important to note that most of the information on the urban ecology of raccoons,
especially via radiotelemetry, has come from research focused on these natural fragments,
such as urban parks or preserves. Little is known as to how raccoons use the urban matrix
(e.g., residential, commercial, and industrial areas), and whether the patterns observed for
raccoons associated with urban parks are similar to the urban landscape.
A better understanding of raccoon use of the urban matrix has important practical
implications. Raccoons host a variety of zoonoses, most notably raccoon strain rabies,
which has presented a management challenge in urban areas across the eastern United
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States. Similarly, exposure to another raccoon zoonotic disease agent, raccoon roundworm
(Baylisascaris procyonis), is most likely to occur in the urban matrix, such as residential
neighborhoods adjacent to forested parks (Page et al. 2008). Property damage is also an
important issue, as raccoons also are one of the predominant nuisance wildlife species in
cities across North America (Gehrt 2003).
Home range size is closely tied to resource distribution and abundance, and can be an
indicator of how well a species adjusts to the urban landscape. A typical prediction would
be that smaller home ranges reflect a relatively high quality landscape, in which resources
are abundant, compared to a landscape with larger home ranges (Gliwicz et al. 1994). The
relatively small home range sizes reported for raccoons residing within urban forest patches
suggests that resources are readily available (Bozek et al. 2007). However, little is known as
to how raccoons exploit the urban matrix outside urban parks. Other mesocarnivores (e.g.,
coyotes [Canis latrans]) exhibit a positive relationship between home range size and the
proportion of the home range that spans urbanized land (Riley et al. 2003; Gehrt et al.
2009), suggesting a cost to living in an urban landscape. However, if raccoon home range
size does not increase with urbanization, this would suggest they are synanthropic (Gliwicz
et al. 1994) and capable of effectively exploiting various parts of the urban landscape.
Synanthropy should also be manifested through demographic processes such as
enhanced survival relative to rural areas (Gliwicz et al. 1994; McCleery et al. 2008).
However, little information is available on survival of raccoons within the urban matrix, or
how mortality factors may shift with urbanization. Raccoons in urban areas are protected
from hunting and trapping, but are exposed to vehicular traffic and pathogens that may spill
over from domestic or native species (Prange et al. 2003; Hadidian et al. 2010).
Our overall objective was to determine how raccoons use the urban matrix in a
metropolitan area. Thus, we monitored raccoons at two urban sites that differed in the
availability of natural habitat relative to the urban matrix, with a special focus on raccoons
that resided largely in the urban matrix as opposed to a natural fragment. Our specific
objectives were to 1) compare den type use by raccoons between sites, 2) compare home
range size between sites, season, and gender, 3) determine raccoon habitat selection at two
spatial scales, 4) determine the relationship between home range size and urbanization




We focused our fieldwork in two urban study sites in the Baltimore Metropolitan Area in
Anne Arundel County, Maryland (Fig. 1). The primary features of both study sites were
residential blocks with small commercial / industrial areas and isolated patches of woods
and grassland, however they differed in that one site had larger, contiguous woodland
fragments whereas the other did not. This research was part of a larger project focused on
modeling rabies dynamics in urban raccoons, and information was needed for raccoons
residing in areas dominated by development. We were also lacking information from the
city core, but found the core area logistically prohibitive.
One study site, Linthicum, included 798 ha located approximately 13 km southwest of
downtown Baltimore. Urban development comprised 73% of the study area’s landscape,
including 2,950 housing units and 7,539 residents (U.S. Bureau of the Census 2000).
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Linthicum had a high traffic volume as it was bisected by a major interstate with an annual
average daily traffic (AADT) of 131,524 cars (Maryland Department of Transportation—
State Highway Administration 2007), 4 state highways (AADT’s of 88,860, 12,327,
14,461, and 16,861 cars), with another interstate (AADT of 23,929 cars) and state highway
(AADT of 6,167 cars) along edges and numerous secondary roads, with a resulting road
density of 7 km of road per km2. This site was bisected by a stream and a contiguous
fragment of woodland habitat (Fig. 1).
The second study site, Riviera Beach, included 1,055 ha on a peninsula into the Chesapeake
Bay, located approximately 21 km southeast of the City of Baltimore on a small peninsula in the
Chesapeake Bay (Fig. 1). Most of the land cover within the site was urban development (76%)
with 4,950 housing units and 12,695 residents (U.S. Bureau of the Census 2000). A state
highway bisected the area, with an annual average daily traffic (AADT) volume of 13,734
cars (Maryland Department of Transportation—State Highway Administration 2007). Two
additional more peripherally located state highways with AADT’s of 20,911 and 15,667 cars)
and other secondary roads in the study area gave a road density of 11 km of road per km2.
Although this site was somewhat similar to Linthicum regarding the level of development,
woodland habitat only occurred as many small fragments scattered across the site.
Raccoon capture
We captured and handled raccoons in accordance with guidelines set by the Institutional
Animal Care and Use Committee, permit #99-060-CVM of Virginia Tech and #0704004 of
the University of Maryland, Baltimore. Raccoons were trapped with live traps (Tomahawk
Fig. 1 Location of study sites within the larger Baltimore metropolitan area, Maryland, U.S. Boundaries
were delineated by encompassing radiolocations of radiocollared raccoons, pooled across seasons
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Live Trap Co., Tomahawk, WI) that were baited with commercial canned cat food. We
placed traps within a 2.88 km2 grid with two traps per grid cell for a total of 36 traps, placed
throughout the study areas from August through September 2006 and April through
September 2007. To maximize capture rates, we placed traps along logs, water edges and
travel routes. Raccoons were immobilized with 0.2 ml of TelazolR, (Fort Dodge Animal
Health, Fort Dodge, Iowa) weighed, measured, sexed and aged by tooth wear (Grau et al.
1970). We marked all captured raccoons with Monel # 4 ear tags (National Band and Tag
Company, Newport, Kentucky) and adult raccoons were fitted with a radiocollar (Advanced
Telemetry Systems, Isanti, Minnesota). By the start of the study in summer 2007, 8 male
and 8 female >1-year old raccoons had been fitted with radiocollars in each of the two study
sites. In case of loss of a radiocollared raccoon, a new gender-matched raccoon was trapped
and fitted a radiocollar such that 16 radiocollared raccoons (8 F, 8M) were maintained at
each study site throughout most of the study. By the conclusion of the study a total of 43
raccoons had been fitted with a radiocollar.
Density estimates for each site were estimated from initial trapping periods (10 days)
with the heterogeneity model M(h) in program Mark (White and Garrott 1990), using
CAPTURE (Otis et al. 1978). We used a closed population model because we assumed
limited immigration/emigration and death during the 10-day period. The heterogeneity
model is the most appropriate model for raccoons because the probability of capture
typically varies among individuals, especially with gender (Gehrt and Fritzell 1996).
Density estimates were derived from minimum trapping area, which is defined as the total
area used by raccoons from radiotelemetry data during the initial 10-day trapping period in
August and September 2006.
Landcover
Landcover was categorized into four habitat types which were urban (residential
neighborhoods, industrial, roads and schools), woodland (includes deciduous and
evergreen), grassland (open areas, not delineated as agriculture), and aquatic (lakes, ponds,
and wetlands; streams and rivers). Orthophotographs and the 2001 United States Geological
Survey Land Use Map were overlaid in Arcmap 9.2 to create a habitat map of Anne
Arundel County, Maryland. Study site boundaries were set by combining all raccoon
telemetry locations using the minimum convex polygon (MCP) method (Mohr 1947).
Linthicum landcover was urban (580 ha, 73%), woodland (156 ha, 20%), aquatic (23 ha,
3%) and grassland (39 ha, 5%). Landcover in Riviera Beach included urban (802 ha, 76%),
woodland (131 ha, 12%), aquatic (86 ha, 8%) and grassland (35 ha, 3%).
Radiotelemetry
Diurnal locations were obtained for each raccoon once a week by homing in on raccoon den
sites using handheld three-element yagi antennae and marking locations with a handheld GPS
receiver (Garmin International, Inc., Olathe, Kansas). Nocturnal locations were collected each
week on three or four nights. Locations were determined at one or two-hour intervals for three
to four individual locations per raccoon per night (McNay et al. 1994; Gehrt and Fritzell 1997).
Home ranges were calculated for all raccoons with ≥30 locations during the 2007 season,
however typically >40 locations were collected for each raccoon (Seaman et al. 1999) for
each season. We partitioned radiotelemetry data into summer and autumn seasons. Summer
was defined as June through August, when young are weaned and move out of the den
(Sanderson and Nalbandov 1973). September through November was considered fall, when
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juveniles are moving independently (Schneider et al. 1971). Locations with maximum angle
intersection <45◦ and minimum >135°, and locations with an error polygon >4.0 ha were
excluded from analyses to reduce location error. Approximate precision of bearings and
triangulation of error was 2.18°±0.12 and 122 m±7.4 for Linthicum and 2.10°±0.15 and
75 m±3.7 (X± SE) for Riviera Beach, as determined from 1,345 bearings on 41 test collar
locations. All locations were recorded in Universal Transverse Mercator (UTM) coordinates.
Raccoon location estimates were calculated using Location Of A Signal software (LOAS
4.0.3.1; Ecological Software Solutions LLC, Florida).
Den site analyses
Structure types associated with daytime locations for raccoons were recorded for each
season and placed into four categories: human structure, sewer, ground dens, and tree
(usually a tree cavity). In addition, categories for ground and trees were separated into
either woodland or residential types for analysis. Effects of gender, season and study site on
den selection were evaluated by multinomial regression using the Generalized Estimating
Equations in Proc Genmod of SASR (Cary, North Carolina).
Home ranges
Home ranges for each raccoon and season were defined using the Animal Movement
Extension in Arcview 3.3 (Hooge and Eichenlaub 1997) for calculation of the 50% and
95% fixed kernel home range estimates, using the biased cross validation method to smooth
the contours of the 50% core and 95% home ranges (Worton 1989). Effects of gender, site
and season on home range size were evaluated by analysis of variance using the Mixed
procedure of SASR (Cary, North Carolina).
Habitat type selection analysis
Habitat type selection by raccoons was evaluated by compositional analysis. In second order
habitat type selection (Johnson 1980), non-random use of habitat type was differentiated from
random use of available habitats within the study area, taking log ratios of available and used
habitats and comparing the matrices of log ratios (Aebischer et al. 1993). Habitat types were
ranked in order of preference using bycomp.sas (Ott and Hovey 1997). Logarithmic
transformation of values in compositional analysis requires each animal to use every available
habitat type; in case of non-use of a habitat type by individual animals, we replaced 0.0% use
with 0.3% use for second order habitat type selection (Bingham and Brennan 2004), which
were calculated for 95% home range by study site, season and gender.
Third order habitat type selection refers to the relative use of habitat types within the
home range (Johnson 1980). At this spatial scale, proportions of telemetry locations within
habitat types are compared to the availability of those habitat types within the home range.
Due to sample size limitations, raccoons were pooled across gender for 95% home range
third order habitat type selection. Raccoons not recorded in one or more of the four
available habitat categories were removed from third order calculations.
Urbanization and home range size
We used simple linear regression to determine the relationship between the level of
urbanization within a home range and home range size by determining the composite
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proportion of urban categories within a seasonal home range, and regressing this metric
with home range size at the 95% and 50% contours. To satisfy assumptions of normality,
we log-transformed home range size and arcsine-square root transformed the proportion of
cumulative urban-associated land use.
Survival
We estimated survival rates for the duration of the project (17 months). We partitioned
causes of mortality into the following categories: vehicle collisions, disease, other, or
unknown. Survival estimates and cause-specific mortality rates were estimated with
MICROMORT (Heisey and Fuller 1985). Associations of survival and cause of death with
study site and gender were evaluated by logistic regression using Proc Logistic of SASR
(Cary, NC).
Results
During initial trapping sessions (10 nights), we captured 14 individual raccoons (7 M,
4 F adults; 2 M, 1 F juveniles) at Linthicum, and 33 individual raccoons (10 M, 7 F
adults; 10 M, 6 F juveniles) at Riviera Beach. Our density estimate for Riviera Beach
was 66 (SE=14.2) raccoons/km2 , and 34 (SE=10.1) raccoons/km2 at Linthicum. After
the initial 10-day trapping period, we captured an additional 11 adults (7 M, 4 F) and 4
juveniles (3 M, 1 F) at Linthicum; and 7 adults (5 M, 2 F), and 1 male juvenile at Riviera
Beach. Gender and age distribution were similar (Fisher’s Exact p>0.2) between study
sites.
Den sites
Den sites were determined for 31 raccoons on 337 raccoon-days. In Linthicum
determinations were made for 13 raccoons on 101 raccoon-days in summer and 14
raccoons on 38 raccoon-days in fall, with 13 raccoons observed in both seasons. In
Riviera Beach determinations were made for 15 raccoons on 125 raccoon-days in
summer and 15 raccoons on 73 raccoon-days in fall, with 13 raccoons observed in
both seasons. Den sites were categorized as human structures, which included houses
and chimneys, garages, sheds, and other structures (abandoned house trailer, car,
boat); ground sites, either in public woods, residential yards, or along the water’s
edge mostly in residential yards; tree sites, either in public woods or residential yards;
and sewer (Table 1). Gender affected den site selection by raccoons, when analyzing
dennings by major category (P=0.0002). While about one third of recorded dennings for
both males and females were in trees, 45%, 15% and 5% of female dennings, and 13%,
36 and 19% of male dennings were on the ground, in human structures, or in the sewer
system, respectively. Study site affected den choice (P=0.052), while season did not and
was removed from the final model. Den choice differed for females and males in the two
study sites (gender x study site, P=0.0063), with 59% of detected female dennings in
trees and only 28% on the ground in Linthicum, but 57% on the ground in Riviera Beach
and only 17% of detected female dennings in trees. For males 56% of dennings in Riviera
Beach, but only 6% in Linthicum were in human structures, and therefore the proportions
of dennings on the ground (25% vs 5%), in trees (41% vs. 27%) or in sewers (28% vs.
12%) were higher for males in Linthicum than in Riviera Beach.
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Home range
We determined home ranges from 3,578 locations for 34 raccoons, 17 of which (9M, 8 F) were
in Linthicum and 17 (9 M, 8 F) in Riviera Beach. Home range size varied by study site (95%
contour, P=0.003, and 50% contour, P=0.032), gender (P<0.0001 and P<0.0001,
respectively), and there was a season x gender interaction (P=0.041 and P=0.043,
respectively). Mean home range size was larger at Linthicum than at Riviera Beach for
95% and 50% contours. Male home ranges were consistently larger than female home ranges
regardless of site or season, but males reduced home range size during autumn whereas
female home range size increased from summer to autumn. (Table 2).
Proportion of urban landcover within home ranges did not differ between genders (P=0.4768),
but proportion of urban landcover within home ranges differed between study sites (P<0.0001).
Urban landcover comprised 48% of male (SD=17%) and 45% of female (SD=21%) home
ranges in Linthicum and 71% of male (SD=20%) and 70% of female (SD=14%) home ranges
in Riviera Beach (Fig. 2).
Habitat selection
At the Linthicum site, second order home range habitat use differed from availability formales and
females in both seasons (Table 3). Woodland habitats ranked highest for both sexes during both
seasons, and urban areas were avoided by males and females in each season (Fig. 3).
Second order selection was evident at the Riviera Beach site for females during both
seasons and for males during autumn but not for summer (Table 3). Urban areas were
selected higher than grassland and woodland habitats (Fig. 3).
At third order home range scale, habitat use differed from availability at both sites during
autumn and also during summer at Linthicum(Table 3).. In Linthicum, woodland and urban
Table 1 Den site types of 31 raccoons on 337 raccoon-days during summer–autumn 2007 in two urban
study sites (Riviera Beach and Linthicum) in Anne Arundel County, Maryland
Den Type Linthicum Riviera Beach
n (%) n (%)
Human Structure




Total 7 (5) 80 (40)
Below ground Sewer 25 (18) 15 (8)
Ground den Woods 26 11
Residential 11 19
Water-edge 0 29
Total 37 (27) 59 (30)
Tree cavity Woods 60 20
Residential 10 24
Total 70 (50) 44 (22)
Total 139 (100) 198 (100)
a other included boat, car, house trailer, and under pool
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areas were selected at a greater difference at 2nd order home range scale than aquatic and
grassland habitats while in Riviera Beach aquatic and woodland habitats were selected at
greater difference than other habitat types (Fig. 3). At the third order scale, woodland and
grassland in Linthicum during summer, woodland and urban in Linthicum during autumn,
Fig. 2 Mean composition of habitats within home ranges for raccoons (n=34) at two study sites, Linthicum
and Riviera Beach, in Anne Arundel County, Maryland. Whiskers are upper 95% confidence intervals
Table 2 Mean 95% home range and 50% core fixed kernel estimates for 18 male and 16 female raccoons in
summer and autumn 2007 at two urban study sites, Linthicum and Riviera Beach, Anne Arundel County,
Maryland
Study Site Season Male Female
Mean (ha) 95%CI Mean (ha) 95%CI
95% Contour
Linthicum Summer 103.3 65.7–162.4 24.7 13.1–46.5
Autumn 92.7 56.5–151.9 53.0 23.1–121.5
Riviera Beach Summer 94.1 56.1–157.7 13.3 11.9–15.0
Autumn 54.9 42.9–70.2 14.2 11.9–16.9
50% Contour
Linthicum Summer 16.3 10.1–26.4 3.8 2.4–6.0
Autumn 10.3 6.3–17.0 4.7 2.8–7.9
Riviera Beach Summer 15.1 7.0–33.0 1.7 1.4–2.1
Autumn 6.3 4.3–9.3 2.1 1.3–3.4
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and aquatic and woodland in Riviera Beach during autumn were selected for use by
raccoons (Fig. 4).
Urbanization and home range size
We did not observe a relationship between 95% home range contours and urbanization for
summer (R=0.077, n=31, P=0.68) or fall (R=-0.139, n=28, P=0.479). However, there were
negative trends between size of 50% contours and proportion of urbanization in the 95% home
range for both seasons (summer: R=−0.30, n=31, P=0.10; fall: R=−0.47, n=28, P=0.01).
Survival
Of 16 recorded mortalities in 12 of 25 collared males and 4 of 18 collared females, 9
were caused by vehicular collision, 3 by disease (2 rabies and 1 pneumonia) and 3 by
accident (1 found dead in large pipe; 2 shot) (Table 4). One fatality was due to unknown
Table 3 Compositional analysis results for raccoons habitat use with seasonal f-values, degrees of freedom
and p-values (raccoon habitat use did not differ from availability) in Anne Arundel County, Maryland
(summer 2007–fall 2007)
Study Site Season Gender F df P
Second Order Home range
Linthicum Summer Male 9.38 3,6 0.0111
Female 13.68 3,4 0.0143
Autumn Male 48.19 3,4 0.0013
Female 31.20 3,4 0.0031
Riviera Beach Summer Male 2.74 3,5 0.1528
Female 8.38 3,4 0.0337
Autumn Male 13.00 3,4 0.0157
Female 16.60 3,5 0.0050
Third Order Home range
Riviera Beach Summer 2.20 3,8 0.1658
Autumn 7.16 3,6 0.0208
Linthicum Summer 3.39 3,13 0.0507
Autumn 4.00 3,11 0.0375
Table 4 Raccoon survival estimates and causes of mortality in two urban areas during September 2006–
January 2008 in Anne Arundel County, Maryland
Site Gender n ŝ 95% C.I. Vehicle Collision Disease Othera Unknown
Linthicum Male 14 0.381 0.163–0.662 6 1 1 0
Female 10 0.666 0.335–0.888 0 2 1 1
Riviera Beach Male 11 0.524 0.251–0.783 3 0 1 0
Female 8 1 0.008–1 0 0 0 0
a ‘other’ included fell into pipe (n=1) and shot (n=2)
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causes.Mortalities tended to differ by study site (P=0.051) and gender (P=0.079) with odds of
raccoons dying in Linthicum being 4.2 (95% confidence interval: [0.996; 17.34]) times the
odds of raccoons dying in Riviera Beach and odds of males dying 3.6 [0.86; 15.38] times the
odds of females dying. Among dead raccoons gender and death by car accident were
associated (P=0.019) with nine of 12 deaths in males and none of four deaths in female
raccoons being related to car accidents.
Discussion
Although the raccoon has long been associated with urban areas (Hadidian et al.
2010), our study provides important insight into how raccoons exploit the urban matrix
without the benefit of large woodland habitat fragments or preserved open space. Our
results provide multiple lines of evidence that raccoons operate as a synanthropic
species in the suburban Baltimore area, even in the urban matrix with reduced woodland
habitat.
Our density estimates are within the range reported for raccoons in urban areas, which
have ranged between 38–125 raccoons/km2 (Hoffman and Gottschang 1977; Rosatte et al.
Fig. 3 Rankings of habitat selection and direction of selection, at the 2nd order home range scale for
raccoons at Linthicum and Riviera Beach, Anne Arundel County, Maryland. June–November 2007. Panel A,
95% Linthicum Male; Panel B, 95% Linthicum Female; Panel C, 95% Riviera Beach Male; Panel D, 95%
Riviera Beach Female
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1990; Riley et al. 1998; Prange et al. 2003). However, these previous estimates are
primarily for raccoons associated with urban parks or open spaces. Thus, any negative
effect of urban development on raccoon populations was not evident by declines in
abundance.
One method by which raccoons are able to exploit the urban matrix is through their
selection of den types. The ability of raccoons to use a wide variety of den types is well
documented (Gehrt 2003), and raccoons in our study used that flexibility to exploit the
urban matrix. The use of den site structures varied between sites in our study, and reflected
the relative lack of natural habitat available to the raccoons, especially at Riviera Beach. For
example, a high percentage (48%) of dennings at Riviera Beach were in human-related
structures and 69% of all dennings were found in residential neighborhoods, while at
Linthicum (a site with woodland habitat available in a contiguous fragment) 23% of the
dennings were in human-related structures and only 15% of all dennings were in yards.
Fig 4 Rankings of habitat
selection and direction of
selection, at the 3rd order home
range scale for raccoons at
Linthicum and Riviera Beach,
Anne Arundel County, Maryland.
June–November 2007. Panel A,
95% Linthicum; Panel B,
95% Riviera Beach
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Similarly, raccoons in natural systems have been observed to shift to ground dens or
artificial structures when tree cavities are rare (Gehrt and Fritzell 1998).
Many of the biological phenomena that influence raccoon home range size in natural
systems apparently maintained their influence in our Baltimore sites. The intersexual
differences we documented in patterns of home range size are consistent with previous
studies of raccoons in various types of landscapes. Male raccoons typically maintain larger
home ranges than females, largely as a result of differences in reproductive strategies or
constraints (Gehrt and Fritzell 1997). Likewise, the intersexual differences in seasonal shifts
in home range size reflect reproductive constraints, in which adult females are restricted in
their movements during the litter-rearing stage (summer) compared to male raccoons, and
the female home ranges typically increase in size during autumn as young become
independent (Gehrt and Fritzell 1997, 1998).
Home ranges in urban areas are assumed to be smaller than those in rural areas for
species that are able to exploit highly clumped anthropogenic resources (Gliwicz et al.
1994; Ditchkoff et al. 2006; Iossa et al. 2010). As expected, home range sizes in our study
were relatively small compared to home ranges reported for raccoons in natural or rural
landscapes (generally >100 ha; Beasely et al. 2007; Gehrt and Fritzell 1997; Lehman 1984;
Prange et al. 2004), but are similar to other urban studies of raccoons primarily in urban
parks (generally <100 ha; Bozek et al. 2007; Hoffman and Gottschang 1977; Prange et al.
2004; Rosatte et al. 1991). The lack of a relationship between home range size and the
proportion of urbanization within home range in our study indicated that raccoons are
capable of effectively exploiting the urban matrix. This result contrasts with other, less
omnivorous species such as coyotes and bobcats (Lynx rufus), in which home ranges of
these species increase in size in relation to the proportion of the home range composed of
the urban matrix (Riley et al. 2003; Gehrt et al. 2009). However, urbanization and
fragmentation may influence the internal dynamic of the raccoon home range, in which the
size of the core area (50% contour) exhibited a negative relationship with development. The
smaller core area may reflect the reduced size of habitat fragments produced by more
extensive development, in which raccoons localize their activities within smaller habitat
patches and potential sources of predictable human food waste. The pattern of intraspecific
variation in home range size is consistent with scent station surveys that report raccoons as
relatively flexible to the urban landscape compared to other mammalian carnivores (Crooks
2002; Randa and Yunger 2006).
Multiple studies have reported scale-dependent habitat selection in raccoons (Beasley et
al. 2007; Bozek et al. 2007; Chamberlain et al. 2003); however, none of these were focused
exclusively in the urban matrix. Bozek et al. (2007) reported on habitat selection during
foraging bouts in raccoons within a large urban park with substantial anthropogenic foods
nearly continuously available. In that study, raccoons selected for human-related habitats
and, unlike in rural landscapes, differences in habitat selection between sexes were minimal
(Bozek et al. 2007). Patterns of habitat selection at both of our sites indicated that raccoons
were selecting for habitat fragments within the larger urban matrix regardless of scale, but
their use of urban areas differed by scale. At the Linthicum site, the availability of
woodland fragments influenced the orientation of male and female home ranges, with both
sexes strongly selecting for those habitat fragments while at the same time minimizing the
use of the urban landscape. Raccoons at our most urbanized site, Riviera Beach, did not
avoid urban areas at the home range scale, but selected for the most available natural
habitat, in this case aquatic habitat. At the third order selection, within the home range,
raccoons at Linthicum continued to exhibit selection for woodland habitat and avoidance of
urban habitat; at Riviera Beach raccoons strongly selected for aquatic habitat and
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maintained strong avoidance of urban habitat. The difference in selection of urban habitat by
scale suggests that raccoons regularly move through the urban matrix to exploit small fragments
of habitat that may, or may not, have had anthropogenic foods associated with them.
As raccoons move across the urban matrix, they are exposed to mortality factors
associated with humans, primarily vehicles. However, we did not observe an elevated cost
to living in the urban matrix in the form of higher mortality. Survival rates between our sites
were similar, despite the differences in apparent exposure to roads and traffic, which
suggests that raccoons adjusted to risks imposed by traffic. Likewise, more vehicle-related
deaths were reported for Linthicum, rather than Riviera Beach, despite a higher exposure to
traffic for raccoons at Riviera Beach. Prange et al. (2003) also reported a similar trend, in
which there was no association between level of urbanization and an increase in vehicle-
related mortality for raccoons in the Chicago area, although that study focused on raccoons
living in parks and only on females. Our survival estimates should be compared to other
studies with caution, as they represent survival of a small sample over a 17-month period;
nevertheless, they are similar to annual survival estimates reported for raccoons in Toronto
(0.40–0.50; Rosatte et al. 1991; Rosatte 2000), and similar or slightly lower than annual
estimates of 0.63–0.88 for raccoons in urban parks in Washington D.C. and Chicago (Riley
et al. 1998; Prange et al. 2003).
Our results provide multiple lines of demographic and behavioral evidence supporting
synanthropy for this species and illustrate how raccoons are capable of exploiting some
types of urban matrix. These results also explain why raccoons are relatively insensitive to
urban habitat fragmentation compared to other mammalian carnivores (Crooks 2002).
However, given the limitation of two study sites from a single metropolitan area, our results
only represent an initial step toward understanding the ecology of raccoons in the urban
matrix. Recent research on commensal bird species demonstrated they actually exhibited
highly variable spatial distributions across the Baltimore metropolitan area, despite their
close association with urban areas and a perception of a ubiquitous distribution across the
landscape (Pickett et al. 2008). Clearly, additional research on raccoons and other urban-
associated species is needed on a larger scale and in a variety of urban systems given the
limitations of our study and the complexities of urban landscapes.
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